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Abstract— This paper presents several experiments on sound source localization. They are based on monau
ral click presented at different interclick intervals (ICI), from 10 to 100 ms. Trains of clicks were presented to 
10 healthy subjects. At short interclick intervals the clicks were perceived as a blur of clicks having a buzzy 
quality. Moreover, it was proven that the accurateness in the response improves with the increase of the length 
of ICI. The present results imply the usefulness of the interclick interval in estimating the perceptual accuracy. 
An important benefit of this task is that this enables a careful examination of the sound source perception 
threshold. This allows detecting, localizing and dividing with a high accuracy the sounds in the environment.
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So und  so urce lo c a liz a tio n  is  an  im p o rtan t fu n c 
tio n  fo r hum ans [1 , 2]. Two m a in  factors o f b in a u ra l 
cues su ch  as in te ra u ra l tim e  and in te n sity  d ifference 
fa c ilita te  the sound so urce lo c a liz a tio n  in  the h o ri
zo n ta l p la n e  [3, 4] A c c o rd in g  to the d up lex theory, 
these two factors p ro vid e the m a in  in fo rm a tio n  about 
la te ra l p o sitio n  o f the sound so urce [5]. How ever, in  
co n d itio n s in v o lv in g  m u ltip le  b rie f sounds and far 
d istance s, the p re c is io n  o f the sound lo c a liz a tio n  is 
reduced [6], the subjects m is lo c a liz e  the sounds, p e r
ce iv in g  them  as trave lin g  fro m  one p o sitio n  to 
another.

In  the present study, the perfo rm ances o f the a u d i
to ry lo c a liz a tio n  task across a broad range o f in te r
c lic k  in te rvals IC Is  w ere exam ined , re a ch in g  the c o n 
c lu s io n  that the co rre ct response in creases w hen the 
le n g th  o f the IC Is  in cre ase .

Two factors were v a rie d : the in te rc lic k  in te rvals 
( IC Is )  (10 , 12 , 2 5 , 50 and 100 m s) and the sound 
co m p lexity.

A  c lic k  o f 5 m s d u ra tio n  w ith  A bove A u d itio n  has 
been generated. F ig u re  1 is  a p ictu re  o f the c o n s id 
ered c lic k . T h e  x  ax is represents the tim e  scale  in  sec
onds and the sig n a l speed o f 29 .9 7 fps. In  o rd er to 
ach ieve the objective o f the proposed study, two 
experim ents have been ca rrie d  out. In  the first case, 
the generated c lic k  w ith d u ra tio n  o f 5 m s has been 
used as sp a tia l sound and in  the second case, the c lic k  
has been m u ltip lie d  b y s ix , fo rm in g  a tra in  o f c lic k s  
w ith  a d u ra tio n  o f 30 m s.

1 The text was submitted by the authors in English.

T h e  c lic k  has been sp a tia liz e d  b y u sin g  H e ad  
R e la te d  T ra n sfe r F u n c t io n  ( H R T F ) . It  is  know n 
that the H R T F  is  ve ry  im p o rta n t fo r so un d  lo c a l
iz a tio n , because it  expresses the so un d  p ressure at 
the liste n e rs e a rd ru m  over the w h o le  fre q u e n cy  
range (see F ig . 2 ). In  the p resent study, the H R T F s  
w ere generated at 80dB at a fre q u e n cy  o f 4 4 10 0  H z  
an d  p rocessed  b y a co m p u te r fo r the fro n ta l p la n e  
fo r the d ista n ce  o f 2  m  w ith  a z im u th  o f 6 4 ° ( 3 2 ° at 
the le ft sid e  o f the u se r and  3 2 ° at the rig h t sid e  o f 
the u se r).

In  the experim ents the sp a tia l c lic k  w ere p re 
sented ran d o m ly in  p a irs L e ft-R ig h t and R ig h t-L e ft, 
d elivered usin g  M atlab  ve rsio n  7 .0 , on an  A c e r laptop 
com puter. F ig u re  2  show s the sch e m atic p resentatio n  
o f the sound: (a) show s the m o n a u ral c lic k  in  w h ich , 
the c lic k  com e fro m  L  — ►  R  and R  — ►  L  ran d o m ly 
va ryin g  IC Is ; (b) show s the tra in  o f c lic k s , w here the 
p resentatio n  p ro ced ure is  the sam e as fo r the sin g le
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Fig. 2. HRTF coordinates presentation, where the hL(t) 
and hR(t) represent, respectively, the Lead-related impulse 
response HRIR at the eardrum for the sound source x(t) at 
each ear, left xL(t) and right xR(t). The xL(t) and xR(t) could 
be calculated using the convolution integral xL(t) =
JhL(%)x(t — %)d% and xR(t) = JhR(%)x(t — %)d%, where т is 
the delay.

c lic k , the sound com e fro m  L  — ►  R  and R  — ►  L  ra n 
d o m ly va ryin g  IC Is . In  both cases the experim ent 
begins w ith  va rio u s exercises w here the subjects are 
able to liste n  the c lic k s  and tra in  o f c lic k s  b y sepa
ra te ly  the le ft one after that the rig h t one, the co m b i
n a tio n  L  — ►  R  and R  — ►  L . In  th is exp erim ent p a r
tic ip a te  ten n o n -p a id  vo lu n teers, 4 fem ales and 
6 m ales, age range 2 7 —40 years, average 33.5, a ll w ith  
P h D  students and professors. E a c h  sub ject reported 
to have n o rm a l h e arin g . A ll o f them  w ere supposed to 
other a c o u stica l experim ents w ith  co m p uter and 
a c o u stica l m o b ility  d evices. T h e  subjects w ere su p 
posed to liste n  through headphones, H D  2 0 1 m o d el, 
tw elve p a irs o f sounds, s ix  p a irs o f sin g le  c lic k s  and six  
p a irs o f tra in s o f c lic k s  L e ft-R ig h t and R ig h t-L e ft  at 
d iffe re nt IC Is  fro m  100 to 10 m s in  a d ecreasing su c
ce ssio n . Betw een each two co nsecu tive p a ir o f c lic k s , 
the d e c isio n  tim e Td  was com puted; th is was the tim e 
needed fo r evalu ating  the sound (see F ig . 3). T h e  
subjects w ere asked w hat they liste n e d , the num ber 
and the proven ien ce o f the liste n e d  sound and also  if

there was a n y d iffe re nce betw een them . T h e  subjects 
w here allow ed to repeat them , if  necessary, after they 
had evaluated the p erceived p o sitio n  fo r each c lic k  
w ith  L e ft, R ig h t and p o ssib le  C e n tre . O nce the sub
je c t had selected a response, a next p a ir o f c lic k s  was 
presented. E a c h  t r ia l lasted ap p ro xim ately  2  m in . 
T h e  average tim e  p er subject was aro un d  35 m in .

B esid es, there w ere som e d istra ctio n  cues as: e n v i
ro n m e n tal no ises, draw  aw ay seeing or liste n in g  
som eone, sin ce  the sub ject rem ain ed  w ith  opened 
eyes. Because o f th is reason, the subjects were 
allow ed to m ake judgem ents about the so urce lo c a 
tio n  indep endently.

T h e  m a in  response o f the data fo r a ll subjects is 
presented in  F ig . 4. T h e  p e rce p tio n  o f the sin g le  and 
tra in  o f c lic k s  and the p erceived p o sitio n  o f the sound 
p a irs L e ft-R ig h t and R ig h t-L e ft  w ere an alyze d . B o th 
factors as w e ll as w ere the in te ra ctio n  w ith  the IC Is  
w ere s ig n ific a n t.

F ig u re  4 show s that the p e rcep tio n  o f the sound 
so urce p o sitio n  decreases w hen IC Is  does. F o r av o id 
in g  errors the tests results w ere registered up to an  I C I  
o f 10  m s. B ecause I C I  was enough sh o rt, the c lic k s  
w ere p erceived as a sin g le  e n tity  m o ving fro m  one ear 
to an o the r o r fro m  one ear to the centre h a vin g  a 
b uzzin g  q u ality.

In  the case o f the sin g le  p a ir o f c lic k s  at I C I  o f 
12  m s, because the le n g th  o f the c lic k s  and the leng th  
o f the I C I  w ere too short, the subjects co u ld  not d is 
tin g u ish  c le a rly  the c lic k s  co rre sp o nd ing  to the p a irs 
L e ft-R ig h t and R ig h t-L e ft.

W hen co m p a rin g  the p e rce p tio n  o f the sin g le  
c lic k s  w ith  the p e rce p tio n  o f the tra in  o f c lic k s  a 
great c o n tin u ity  o f the sound p o sitio n  acro ss alm ost 
the e n tire  range o f IC Is  was detected. In  other 
w ords, the p e rce p tio n  o f the sound p o sitio n  was 
stronger fo r the tra in  o f c lic k s  and extended to short 
IC Is  ( 10 0 —10 m s). T h is  effect m ay be a re su lt o f the 
better lo c a liz a tio n  asso ciated  w ith  the so und. In

1st left 1st right 2nd right 2nd left 6 th left 6 th right
click click click click click click

J □ □ □ _______________1 Single monaural click

<ICI, Td , i c i , <ICI,

1st left train lstright train 6th riight train 6th left train
of clicks of clicks of clicks of clicks

.i c i , Td . i c i ,

Train of six monaural 
clicks

Fig. 3. Schematic presentation of the sound. In both situations the click is of 5 ms. In the first case, the click has been listened at 
different interclick intervals ICI separated by a decision time Td. In the second case, the click has been substituted by a train of 
six clicks.
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Perception (a)

ICE, ms

Fig. 4. Mean estimation of the click location. (a) Repre
sents the perception of the single click and the perception 
of the train of clicks at 0° (center) at different ICIs;
(b) shows the click perception at —30° (left side) and +30° 
(right side); (c) corresponds to the train of click perception at 
—30° (left side) and +30° (right side).

g e n e ral, these sounds w ould be perceived  fro m  other 
sound.

F o r IC Is  o f 25 to 10 m s, the subjects perceive the 
R ig h t-L e ft  p a ir o f sounds w ith  a h ig h e r p re c is io n  
th an  that o f p a irs L e ft-R ig h t fo r sin g le  c lic k  and tra in  
o f c lic k s .

In  other case, fo r IC Is  o f 50 m s, the p e rce p tio n  o f 
the p a ir o f sin g le  c lic k s  R ig h t-L e ft  is  h ig h e r than  the 
p e rce p tio n  o f the p a ir L e ft-R ig h t. In  the case o f the 
tra in  o f c lic k s , the p e rce p tio n  results are eq u ivale nt 
fo r both p a irs L e ft-R ig h t and R ig h t-L e ft.

C O N C L U S IO N

W hen try in g  to e x p la in  the sound so urce p ercep 
tio n  th resh o ld , we p erceive the p e rcep tio n  o f the sa l
tatio n  illu s io n . W ith  short IC Is  a b lu r o f c lic k s  were 
p erceived , in  co ntrast w ith  the in d iv id u a l c lic k s  at 
lo n g e r IC Is . A s the p sych o lo g ist G e sta lt noted, the 
p ercep tu al system  scram b les fo r the sim p le st in te r
p re tatio n  o f the co m p le x st im u li presented in  the re a l 
w orld . T h e re fo re , the studies w ere based on a n a lyz in g  
and p ro vin g  that, gro u p in g  the c lic k s , the sound 
so urce is  better p erceived and lo c a liz e d . F o r lo n g e r 
IC Is , th is proced ure is  not too m u ch  im p o rtan t, as 
each c lic k  ca n  be id e n tifie d  and lo c a liz e d .

T h e  present results dem onstrate the usefulness o f 
the in te rc lic k  in te rv a l in  estim atin g  the p ercep tual 
accuracy. A  p o ssib le  b en efit o f th is task is  e n ab lin g  a 
ca re fu l e x am in a tio n  o f the sound so urce p ercep tio n  
thresho ld . T h is  allow s detecting, lo c a liz in g  and 
d iv id in g  w ith  a h ig h  a ccu ra cy  the sounds in  the e n v i
ronm ent.
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